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(57) ABSTRACT 

A rotary sprinkler comprises a nozzle head and at least 8 
nozzles Supported by the nozzle head. The nozzles are con 
figured to discharge water streams at Substantially the same 
velocity, but to different radial distances from the nozzle 
head. Each water stream produces a spray pattern that over 
laps at least one adjoining spray pattern. 
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MULTI-NOZZLE ROTARY SPRINKLER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is based on and claims the 
benefit of U.S. provisional patent application Ser. No. 61/365, 
600, filed Jul.19, 2010; claims the benefit of U.S. provisional 
patent application Ser. No. 61/605,374, filed Mar. 1, 2012: 
and is a continuation-in-part of International Application 
Serial No. PCT/US2011/044337, having an international fil 
ing date of Jul. 18, 2011. The content of each of the above 
identified applications are hereby incorporated by reference 
in their entirety. 

FIELD 

0002 Embodiments of the invention relate to multi-nozzle 
rotary sprinklers, sprinkler systems and methods. 

BACKGROUND 

0003 Irrigation sprinklers are known for watering circular 
patterns or arc segments of a circular pattern. Typical irriga 
tion sprinklers discharge a single rotary water stream that is 
rotated in a circle around a vertical rotational axis. This water 
stream is thrown by a sprinkler nozzle mounted in the periph 
eral sidewall of the nozzle head at an upward angle relative to 
the horizontal to direct the water a radial distance from the 
noZZle. 
0004 Irrigation systems generally comprise multiple 
sprinklers within multiple watering Zones. Each sprinkler is 
recessed within the ground and is fed water through under 
ground pipes. An irrigation controller activates a Zone by 
opening a valve that controls the flow of water through the 
pipes of the Zone. The irrigation controller activates the Zones 
sequentially for a predetermined period of time based on Zone 
program instructions. 
0005 Irrigation sprinklers currently have several draw 
backs. The most significant is that they spray water in circles 
that are overlapped between sprinklers in order to conform to 
complex landscape shapes. This causes excess water to be 
deposited in the areas where these sprinklers overlap. In many 
systems 50% excess water is used. 
0006 Another drawback to conventional irrigation sprin 
klers is that they use only a few nozzles or nozzle openings. 
One drawback is that some nozzles spray a fine mist close to 
the sprinkler which results in water evaporation due to the 
small droplet size. Another drawback is that some of the 
noZZles must water a large annular ring around the sprinkler 
which results in watering that is not uniform across the annu 
lar ring (i.e., in a radial direction from the nozzle). As a result, 
these conventional sprinklers waste water and are inflexible to 
landscape variations. 

SUMMARY 

0007 Embodiments of the invention are directed to a 
rotary sprinkler and a sprinkler system. In some embodi 
ments, the rotary sprinkler comprises a nozzle head and at 
least 8 nozzles supported by the nozzle head. The nozzles are 
configured to discharge water streams at Substantially the 
same velocity, but to different radial distances from the nozzle 
head. Each water stream produces a spray pattern, such as an 
elliptical spray pattern, that overlaps at least one adjoining 
spray pattern. 
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0008. In some embodiments, the rotary sprinkler com 
prises a nozzle head and at least 8 nozzles Supported by the 
nozzle head. The nozzles are configured to discharge water 
streams at substantially the same velocity, but to different 
radial distances from the nozzle head. Each water stream 
produces a spray pattern, Such as an elliptical spray pattern, 
that overlaps at least one adjoining spray pattern. 
0009. In some embodiments, the rotary sprinkler com 
prises a plurality of nozzles, each of which comprises a fluid 
pathway including a central axis, an inlet, an outlet, a length 
measured from the inlet to the outlet along the central axis, 
and an interior diameter at the outlet. In one embodiment, the 
rotary sprinkler comprises three or more nozzles. In one 
embodiment, the rotary sprinkler comprises 4-7 nozzles. In 
one embodiment, the rotary sprinkler comprises 8-12 
nozzles. 

0010. In some embodiments, the plurality of nozzles are 
configured to discharge water streams at different radial dis 
tances from the sprinkler to form concentric watering rings 
when the nozzles are rotated about a vertical axis. In some 
embodiments, each of the nozzles has a different interior 
diameter at the outlet. In accordance with some embodi 
ments, each of the nozzles has a different length. In some 
embodiments, each of the nozzles is oriented at a different 
angle relative to the ground. In some embodiments, each of 
the nozzles has a different interior diameter at the outlet, a 
different length and/or is oriented at a different angle relative 
to the ground. 
0011. The spray patterns generated by the nozzles form 
concentric watering rings as the nozzle is rotated. Due to the 
large number of nozzles, the spray patterns form relatively 
narrow watering rings as compared to conventional sprin 
klers, and with less watering variation within each ring. This 
arrangement allows the sprinkler to save water through 
increased watering precision that improves watering unifor 
mity, and decreases water waste. 
0012. In some embodiments, the rotary sprinkler com 
prises first, second and third nozzles. The first nozzle com 
prises a first nozzle fluid pathway including a central axis, an 
inlet, an outlet, a first length measured from the inlet to the 
outlet along the central axis, and a first interior diameter at the 
outlet. The second nozzle comprises a second nozzle fluid 
pathway including a central axis, an inlet, an outlet, a second 
length measured from the inlet to the outlet along the central 
axis, and a second interior diameter at the outlet. The third 
nozzle comprises a third nozzle fluid pathway including a 
central axis, an inlet, an outlet, a third length measured from 
the inlet to the outlet along the central axis, and a third interior 
diameter at the outlet. In some embodiments, the first interior 
diameter is greater than the second interior diameter, and the 
second interior diameter is greater than the third interior 
diameter. In some embodiments, the first length is greater 
than the second length, and the second length is greater than 
the third length. 
0013. In some exemplary embodiments, the second length 

is approximately 65-85% of the first length, and the third 
length is 65-85% of the second length. In some embodiments, 
the first length is 1.7-2.83 inches, the second length is 1.25 
2.09 inches, and the third length is 0.92-1.54 inches. Adjust 
ments may be made to the lengths depending on the water 
pressure and the radial distance to be covered by the sprinkler. 
Thus, in Some embodiments, the lengths are longer for higher 
water pressures and longer water throw distances. 
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0014. In some embodiments, the second interior diameter 
is approximately 70-90% of the first interior diameter, and the 
third interior diameter is 70-90% of the second interior diam 
eter. In some embodiments, the first interior diameter is 
0.125-0.185 inches, the second interior diameter is 0.096-0. 
144 inches, and the third interior diameter is 0.075-0.122 
inches. In some embodiments, the interior diameters are 
enlarged for higher water pressure and to throw more water 
longer distances. For example, to cover a radial distance of 
approximately 80 feet, the first diameter is approximately 
0.250-0.370 inches, the second diameter is approximately 
0.192-0.288 inches and the third diameter is approximately 
O150-0.244. 

0.015. In some embodiments, the central axis at the outlet 
of the first nozzle fluid pathway is oriented at a first angle 
relative to a horizontal plane, which is perpendicular to the 
vertical axis, the central axis at the outlet of the second nozzle 
fluid pathway is oriented at a second angle relative to the 
horizontal plane, and the central axis at the outlet of the third 
nozzle fluid pathway is oriented at a third angle relative to the 
horizontal plane. In some embodiments, the first angle is 
greater than the second angle, and the second angle is greater 
than the third angle. 
0016. In some embodiments, the rotary sprinkler com 
prises a nozzle head that Supports the first, second and third 
noZZles. In one embodiment, the rotary sprinkler comprises a 
base that Supports the nozzlehead. In some embodiments, the 
rotary sprinkler comprises a drive mechanism that drives 
rotation of the nozzle head about a vertical axis relative to the 
base. In some embodiments, the drive mechanism comprises 
a motor configured to drive the rotation of the nozzle head 
about the vertical axis. 
0017. In some embodiments, the first nozzle body is con 
figured to discharge a first water stream a first distance, the 
second nozzle body is configured to discharge a second water 
stream a second distance, which is less than the first distance, 
and the third nozzle body is configured to discharge a third 
water stream a third distance, which is less than the second 
distance. This allows the rotary sprinkler to water concentric 
rings around the rotary sprinkler. 
0.018. In some embodiments, the first, second and third 
output streams respectively produce first, second and third 
spray patterns. In one embodiment, the first spray pattern 
overlaps a distal portion of the second spray pattern, and the 
second spray pattern overlaps a distal portion of the third 
spray pattern. 
0019. In some embodiments, the rotary sprinkler com 
prises a main water inlet configured to receive a flow of water 
from a water Supply line and a fluid flow path connecting the 
main water inlet to the inlets of the first, second and third 
noZZles. 
0020. In some embodiments, the rotary sprinkler com 
prises a valve configured to control a flow of water through 
the fluid flow path responsive to signals received from a 
controller. In some embodiments, the rotary sprinkler com 
prises a motor configured to move the valve between opened, 
closed and intermediary positions. 
0021. In some embodiments, the rotary sprinkler com 
prises a plurality of valves, each configured to control a flow 
of water to one or more of the nozzles. In one embodiment, the 
rotary sprinkler comprises one or more motors configured to 
move the plurality of valves between opened, closed and 
intermediary positions. In some embodiments, the fluid flow 
path comprises a first fluid flow path connecting the water 
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inlet to the inlet of the first nozzle, a second fluid flow path 
connecting the water inlet to the inlet of the second nozzle, 
and a third fluid flow path connecting the water inlet to the 
inlet of the third nozzle. In some embodiments, the rotary 
sprinkler comprises a first valve configured to control a flow 
of water through the first fluid flow path responsive to signals 
received from a controller, a second valve configured to con 
trol a flow of water through the second fluid flow path respon 
sive to signals received from a controller, and a third valve 
configured to control a flow of water through the third fluid 
flow path responsive to signals received from a controller. 
0022. In some embodiments, the rotary sprinkler com 
prises a sensor that generates a signal indicative of a pressure 
in the fluid flow path, or a flow rate of a water flow through the 
fluid flow path. 
0023. In some embodiments, a pressure regulator in the 
fluid flow path. 
0024. In some embodiments, the fluid flow paths of each 
of the nozzles comprise a straight cylindrical section extend 
ing from the outlet to an intermediary location between the 
inlet and the outlet of the nozzle fluid pathway, and a curved 
section extending from the inlet to the intermediary location. 
0025. In some embodiments, the rotary sprinkler com 
prises a controller that is located within the sprinkler. In some 
embodiments, the controller comprises one or more proces 
sors configured to execute program instructions stored in 
memory to perform one or more method steps or functions 
described herein. In some embodiments, the controller is 
configured to set a position of the one or more valves of the 
rotary sprinkler to opened, closed and intermediary positions. 
In some embodiments, the controller is configured to receive 
output signals from the sensor. In some embodiments, the 
controller receives control signals from a system controller 
located remotely from the rotary sprinkler. 
0026. In some embodiments, the rotary sprinkler com 
prises a power Supply. In one embodiment, the power Supply 
is rechargeable. 
0027. In some embodiments, the base of the rotary sprin 
kler comprises a sealed compartment in which electrical com 
ponents of the rotary sprinkler are contained. In some 
embodiments, the electrical components comprise one or 
more motors, a controller, one or more processors, a power 
Supply, and/or electrical circuitry. 
0028. Some embodiments of the sprinkler system com 
prise a plurality of rotary sprinklers, an irrigation controller 
and a system or sprinkler controller. Embodiments of the 
rotary sprinklers include one or more embodiments described 
herein. In one embodiment, the rotary sprinklers each com 
prise a water Supply inlet, a nozzle head Supported by a base, 
and a plurality of nozzles supported by the nozzle head. The 
nozzles each comprise a fluid pathway having an inlet and an 
outlet. A fluid flow path connects the water supply inlet to the 
inlets of the nozzles. In some embodiments, the sprinklers 
each comprise at least one valve configured to control the flow 
of water through the fluid flow path. In some embodiments, 
the irrigation controller comprises memory containing Zone 
program instructions, and a processor configured to execute 
the Zone program instructions and generate Zone valve signals 
based on the Zone program instructions. In some embodi 
ments, the system controller comprises memory containing 
sprinkler program instructions, and a processor configured to 
execute the sprinkler program instructions and communicate 
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control signals to the at least one valve of each of the rotary 
sprinklers based on the sprinkler program instructions and the 
Zone valve signals. 
0029. In some embodiments, each of the rotary sprinklers 
comprises a rechargeable power Supply coupled to the at least 
one valve. In some embodiments, the system controller pro 
vides power to the power Supply over a control line. 
0030. In some embodiments, the control signals comprise 
valve settings, and each of the rotary sprinklers sets a position 
of the at least one valve responsive to the valve settings. 
0031. In some embodiments, the system comprises a sen 
Sor configured to produce a sensor output indicative of a 
measured pressure or water flow rate, and the system control 
ler generates the valve settings based on the sensor output. 
0032. Other features and benefits that characterize 
embodiments of the invention will be apparent upon reading 
the following detailed description and review of the associ 
ated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033 FIG. 1 is a schematic diagram of a rotary sprinkler in 
accordance with embodiments of the invention. 
0034 FIG. 2 is a simplified drawing illustrating exemplary 
water streams from a rotary sprinkler in accordance with 
embodiments of the invention. 
0035 FIG. 3 is a schematic diagram of a nozzle head 
portion of a rotary sprinkler in accordance with embodiments 
of the invention. 
0036 FIGS. 4 and 5 are perspective views of the rotary 
sprinkler formed in accordance with embodiments of the 
invention with a nozzle head in lowered and raised positions, 
respectively. 
0037 FIGS. 6 and 7 are exploded perspective views of 
components contained within a sprinkler base in accordance 
with embodiments of the invention. 
0038 FIG. 8 is an exploded perspective view of the nozzle 
assembly in accordance with embodiments of the invention. 
0039 FIG. 9 is a side cross-sectional view of a set of the 
nozzles formed in accordance with embodiments of the 
invention. 
0040 FIG.10 is a simplified diagram of a sprinkler system 
in accordance with embodiments of the invention. 
0041 FIG. 11 is a simplified diagram of a watering system 
in accordance with systems of the prior art. 
0042 FIG. 12 is a simplified diagram illustrating an 
update to the system depicted in FIG. 11. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0.043 Embodiments of the invention are directed to multi 
noZZle rotary sprinklers, sprinkler systems and methods. Ele 
ments depicted in the drawings having the same or similar 
reference correspond to the same or similar element. 
0044 FIG. 1 is a schematic diagram of a rotary sprinkler 
100 in accordance with embodiments of the invention. The 
rotary sprinkler 100 generally comprises a nozzle head 102, a 
plurality of nozzles, each generally referred to as 104, and a 
base 106. The base 106 provides support for the nozzle head 
102. The nozzle head 102 supports the plurality of nozzles 
104, such as nozzles 104A-C. 
0045 While the exemplary sprinkler 100 is illustrated as 
including 3 nozzles 104, embodiments of the sprinkler 
include two or more nozzles. In one embodiment, the sprin 
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kler 100 includes three or more nozzles. In some embodi 
ments, the sprinkler 100 includes 4-7 nozzles, 8-14 nozzles, 8 
or more nozzles, or 9 or more nozzles. 
0046. The rotary sprinkler 100 includes a water supply 
inlet 108 that may be coupled to a water supply line 110, such 
as a hose or in-ground piping. The water Supply line 110 
provides a pressurized source of water that is delivered to the 
nozzles 104 through a fluid flow path of the sprinkler 100. The 
fluid flow path comprises a section 114 through the base 106 
and a section 116 through the nozzle head 102. The fluid flow 
path section 114 of the base 106 extends from the water 
supply inlet 108 to an inlet 118 of the nozzle head 102. The 
fluid flow path section 116 of the nozzle head 102 extends 
from the inlet 118 to inlets 120 of the nozzles 104. Each of the 
nozzles 104 includes a fluid pathway, generally referred to as 
122, that fluidically couples the inlet 120 to an outlet 124. 
Accordingly, water supplied by the water supply line 110 
passes through the water supply inlet 108 of the rotary sprin 
kler 100, the fluid flow path section 114 of the base 106, the 
fluid flow path section 116 of the nozzlehead 102 and the fluid 
pathway 122 of the nozzles 104 where it is discharged 
through the outlet 124 of the nozzles 104 and directed to the 
watering area. 
0047. In one embodiment, the nozzle head 102 is config 
ured to rotate about a vertical axis 126 relative to the base 106. 
In one embodiment, the rotary sprinkler 100 includes a drive 
mechanism 128 that is configured to drive the rotation of the 
nozzlehead 102 about the axis 126 relative to the base 106. In 
one embodiment, the drive mechanism 128 comprises a 
motor 129, such as an electric motor or a hydraulic motor, that 
drives the rotation of the nozzle head 102 relative to the base 
106 through a suitable gear arrangement. 
0048. In accordance with one embodiment, the rotary 
sprinkler 100 is designed for use as an in-ground sprinkler. In 
one embodiment, the base 106 is buried within the ground and 
the nozzle head 102 is configured to telescope out of the base 
106 to a raised position when water pressure is applied to at 
least the inlet 118 of the nozzle head 102 for performance of 
a watering operation. When the water pressure is removed, 
the nozzle head 102 recedes within the base 106 to a lowered 
position, in which it is generally located at or just below the 
turf or grass. In one embodiment, the nozzle head 102 is 
biased toward the lowered position using, for example, a 
spring. The spring holds the nozzle head 102 within the base 
106 until sufficient water pressure is applied to the inlet 118. 
0049. In one embodiment, the rotary sprinkler 100 is con 
figured for above-ground watering operations. In accordance 
with this embodiment, the base 106 provides sufficient Sup 
port for the nozzle head 102 such that the nozzle head 102 is 
maintained in a vertical orientation during the watering 
operation. It is not necessary for the nozzle head 102 to recede 
within the base 106 in this embodiment. 

0050. In one embodiment, each of the nozzles 104 is con 
figured to discharge a water stream to a different watering 
area or target site than the other nozzles 104 of the rotary 
sprinkler 100. This allows the sprinkler 100 to produce con 
centric watering rings as the nozzle head 102 is rotated about 
the vertical axis 126. FIG. 2 is a simplified drawing illustrat 
ing exemplary water streams, each generally referred to as 
130, from the rotary sprinkler 100 in accordance with 
embodiments of the invention. The watering streams 130 fall 
on watering areas, generally referred to as 132, located on the 
ground or other target. 
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0051. In one embodiment, nozzle 104A is configured to 
discharge water stream 130A that falls on a watering area 
132A that extends to a radial distance 134A for a given water 
pressure at the inlet 120 of the nozzle 104A. Nozzle 104B is 
configured to discharge a water stream 130B to a watering 
area 132B that extends to a radial distance 134A from the 
rotary sprinkler 100. Likewise, nozzle 104C is configured to 
discharge a water stream 130C that falls on a watering area 
132C that extends to a radial distance 134C from the sprinkler 
100. In one embodiment, the radial distance 134A is greater 
than the radial distance 132B, which is greater than the radial 
distance 132C. 
0052. In one embodiment, the watering areas 132A, 132B 
and 132C only partially overlap each other. For instance, the 
watering area 132A covered by the water stream 130A over 
laps only a distal portion 136 of the watering area 132B. 
Similarly, the watering area 132B of the water stream 130B 
overlaps only a distal portion 138 of the watering area 132C 
of the water stream 130C. As a result, each of the water 
streams 130 produced by the plurality of nozzles 104 of the 
rotary sprinkler 100 are configured to water an annular ring 
around the sprinkler 100 as the nozzle head 102 is rotated 
about the vertical axis 108 relative to the base 106 that does 
not significantly overlap the annular watering areas covered 
by the other nozzles 104. In some embodiments, the center of 
each watering area 132 generally delivers a slightly higher 
concentration of water than at the edges of the watering area 
132. This is somewhat overcome by the overlap of the water 
ing areas 132. 
0053. The resultant concentric watering rings allow for 
uniform watering per unit length in the radial direction from 
the sprinkler 100 as compared to single nozzle sprinklers. 
Another advantage is that when the system water flow or 
pressure is adjusted, a proportional change in the watering 
pattern occurs. 
0054. In one embodiment, the water streams 130 do not 
produce as much spray as single nozzle sprinklers of the prior 
art. In one embodiment, the watering areas 132 covered by 
each of the water streams 130 are approximately elliptical, as 
illustrated in FIG. 2. This has the advantage of reducing water 
loss through evaporation into the air, resulting in more effi 
cient watering of the targeted area. 
0055. The radial distance the streams 130 discharged by 
the nozzles 104 travel from the sprinkler 100 depends on 
various nozzle parameters. These include the diameter of the 
outlet 124, the length of the fluid pathway 122 and the angle 
of the nozzle 104 relative to the horizontal plane (i.e., the 
ground). The resultant streams 130 also depend on the water 
pressure at the inlet 120. 
0056. In some embodiments, the nozzles 104 are oriented 
to discharge the streams 130 within a watering cone 137. 
having side edges separated by an angle 139. In some embodi 
ments, the angle 139 is approximately of 2-3 degrees. This 
results in watering width of approximately 6 inches at 12 feet 
from the sprinkler 100. Such a narrow watering cone 137 
allows for precise watering. The narrow watering areas 132 
reduce watering variation within the watering areas 132 to 
improve watering uniformity across the all of the watering 
areas 132. 

0057. In one embodiment, each of the nozzles 104 has a 
central axis 140 that extends along the fluid pathway 122, as 
shown in FIG.1. While the fluid pathway 122 is illustrated as 
a straight tubular section in FIG. 1, the fluid pathway 122 may 
also be curved, as described below. The central axis 140 
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generally extends through the center of the straight and/or 
curved sections of the fluid pathway 122 of each nozzle 104. 
0058. In one embodiment, the fluid pathway 122 has an 
interior diameter measured in a plane that is perpendicular to 
the central axis 140. In accordance with one embodiment, the 
fluid pathway 122 has a uniform interior diameter. In accor 
dance with another embodiment, the fluid pathway 122 has a 
non-uniform interior diameter. 
0059. In one embodiment, each of the nozzles 104 has a 
different interior diameter, generally referred to as 142, at the 
outlet 124. In one embodiment, the nozzles 104 having water 
ing areas 132 located farther from the sprinkler 100 have 
larger diameters than the nozzles 104 having watering areas 
132 located more closely to the sprinkler 100. Thus, in one 
embodiment, the exemplary rotary sprinkler 100 illustrated in 
FIG. 1, nozzle 104A has an interior diameter 142A that is 
larger than the interior diameter 142B of the nozzle 104B. In 
accordance with another embodiment, the interior diameter 
142B of the nozzle 104B is larger than the interior diameter 
142C of the nozzle 104C. 
0060. In one embodiment, the interior diameters 142 of the 
nozzles 104 are set based on the expected water pressure at the 
water supply inlet 108 and the radial distance from the rotary 
sprinkler 100 where the desired watering area 132 is located. 
In one embodiment, the interior diameters of each of the 
nozzles 104 are set to produce streams 130 that produce 
watering areas 132 that form concentric rings around the 
rotary sprinkler 100 when the nozzle head 102 is rotated 360 
degrees during a watering operation. 
0061. In one embodiment, the selection of the interior 
diameters 142 of the nozzles 104 is made based on an 
expected pressure at their inlets 120 and the desired maxi 
mum radial distance from the sprinkler 100 that is to be 
watered. For instance, using a pressure of 40 psi, a single 
nozzle radius of 0.125 inches can discharge a water stream a 
distance of 40 feet when the volumetric flow rate of the water 
at the inlet 120 is approximately 7 gallons per minute. In one 
embodiment, this overall radius is used to determine the out 
let diameter settings for multiple nozzles such that concentric 
rings of watering areas may be produced. 
0062. In one embodiment, the outlet diameters 142 or radii 
of the plurality of the nozzles 104 are computed based on this 
single nozzle radius determination. In general, the single 
nozzle radius is divided into a plurality of nozzles 104 where 
the sum of the radii of the plurality nozzles 104 is equal to the 
single nozzle radius. The nozzles can then be used to dis 
charge the water to distinct radial distances and form a set of 
concentric ring watering areas. 
0063. In one exemplary embodiment, for 100 psi of pres 
Sure and a water flow rate of approximately 36 gallons per 
minute at inlet 120, an overall radius of 0.25 is used to cal 
culate multiple nozzles where the maximum desired distance 
is 80 feet. 

0064. Once the radius of the single nozzle is determined, 
Such as that mentioned above, we can use that radius to 
determine the radii of proportionately smaller nozzles. In one 
embodiment, this is accomplished by selecting the nozzles 
104 such that the sum of all their cross-sectional areas con 
forming to radii ofkr(n) is made to be equal to the area of the 
selected single nozzle, where k is a nozzle proportion factor. 
In accordance with one embodiment, k is within the range of 
0.70-0.90 or 70-90%. In accordance with another embodi 
ment, k is within the range of 0.70-0.80 or 70-80%. In accor 
dance with another embodiment, k is within the range of 
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0.75-0.79 or 75-79%. In accordance with another embodi 
ment, k is within the range of 0.77-0.78 or 77-78%. In one 
embodiment, k is 0.78. 
0065. As a result, in one embodiment, the interior diam 
eter 142B of the nozzle 104B at its outlet 124 is determined by 
multiplying the interior diameter 142A at its outlet 124 by the 
proportion factor k. The interior diameter 142C of the nozzle 
104C at its outlet 124 is then determined by multiplying the 
interior diameter 142B at the outlet 124 by the proportion 
factork. For example, a single nozzle having a radius of 0.125 
inches may be modeled as ten separate nozzles. For k=0.78, 
the largest nozzle will have a radius of approximately 0.77 
inches and the Smallest will have a radius of approximately 
0.008 inches. Practical considerations like nozzle clogging 
may need to be considered for Small nozzle sizes. As a result, 
a minimum radius, Such as 0.0125 inches, may need to be set 
for some of the smaller nozzles. 
0066. In order to select an appropriate nozzle proportion 
factor k, the watering ring size for any given nozzle must be 
known. The watering ring size for a given noZZle is the radial 
distance between the proximal edge 144 and the distal edge 
146 of the watering area 132 for a given pressure at the inlet 
120, as shown in FIG.2 for watering area 132A. This has been 
measured empirically and modeled as 117 times the radius in 
feet for one embodiment. For the 0.077 inch radius nozzle 
outlet 124, the watering ring size is 9 feet from the proximal 
edge 144 to the distal edge 146. For a maximum range of 40 
feet, this means the 0.077 radius nozzle waters a ring from 31 
to 40 feet under full pressure. Likewise, each successive 
noZZle can be set to water another ring inside the previous 
one. Taking 0.077 times 0.78 yields the next nozzle radius of 
approximately 0.06 inches. Taking 0.06 times 117 yields a 
ring size of 7 feet for the next ring. Thus, the second nozzle 
waters from 24 to 31 feet. Table 1 lists an exemplary set of 11 
noZZles that may be used to generate concentric watering 
rings that cover a radial distance of 40 feet from the rotary 
nozzle 100 based on a water pressure of 40 psi. 

TABLE 1. 

Watering Ring Nozzle Radius 
Range (feet) (inches) 

40-31 0.0770 
31-24 O.O600 
24-18.5 O.O468 

18.5-14.2 O.O365 
14.2-107 O.O298 
10.7-8 O.O233 

8-58 O.0185 
5.8-4.1 O.O146 
4.1-2.6 O.O12S 
2.6-1.3 O.O12S 
13-0 O.O12S 

0067. As mentioned above, in one embodiment, the selec 
tion of the interior diameters 142 of the nozzles 104 is made 
based on an expected pressure at their inlets 120 and the 
desired maximum radial distance from the sprinkler 100 that 
is to be watered. In some embodiments, the outlet diameters 
142 of the plurality of the nozzles 104 are computed based on 
this single nozzle radius determination. In general, the single 
nozzle radius is divided into a plurality of nozzles 104 where 
the sum of the radii of the plurality nozzles 104 is equal to the 
single nozzle radius. The nozzles can then be used to dis 
charge the water to distinct radial distances and form a set of 
concentric ring watering areas. 
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0068. The radii of multiple nozzles can be determined 
based on the selected single nozzle radius. In one embodi 
ment, this is accomplished by setting the radii of the nozzles 
Such that the Sum of their corresponding areas is equal to the 
area of the selected single nozzle radius. In one embodiment, 
this is modeled as proportionately Smaller nozzles having 
radii selected in accordance with Equation 1, where n is the 
nozzle number and k represents radius ratio between adjacent 
nozzles. In one embodiment, k has a range of 0.76-0.86. 

0069. For each nozzle it has been found that the coverage 
distance or ring width that may be watered by the nozzle 
(watering ring size) is proportional to the nozzle radius in 
accordance with Equation 2, and the amount of water depos 
ited in each ring is proportional to the area of the nozzle (a) in 
accordance with Equation 3, where D is the outer stream 
distance for the nozzle, such as 134B for nozzle 104B shown 
in FIG. 2., m is the model distance radius multiplier, and c is 
the coverage distance of the watering area 132. The optimal 
value for m depends on how the nozzle stream is spread 
before it hits the ground. In some embodiment, the value m is 
in a range of 90-120. In one embodiment, m is set to approxi 
mately 100 times the radius of the selected single nozzle in 
feet. 

Equations 2 and 3 can be combined as shown in Equation 4 to 
form the mathematical correlation between a, m and k pro 
vided in Equation 5. 

k=r/r=(D-(2*m' (a+m)))/D,-(a-m)/(a+m) Eq. 4 

k=(a-m)/(a+m) Eq. 5 

0070. In one example, it was found that for that a selected 
single nozzle radius of 0.131 inches could deliver a water 
stream a distance of 38 feet when the water flow is at 40 psi 
and has a flow velocity of 5.5 feet per second in a 0.375 inch 
diameter pipe. Multiple nozzles can be calculated using the 
above equations to provide the overall radius of 0.131 inches 
and produce the desired set of concentric watering rings. For 
instance, 14 rings of proportionately smaller nozzles can be 
modeled using Equation 1 where n=1 to 14 where the sum of 
all the areas of the nozzles is made to be equal to that of a 
0.131 inch nozzle and Equation 5 is used for determining 
values fork. In one embodiment k is 0.825, m is 91 and a is 
86459 with the largest nozzle radius being 0.073 inches. 
Practical considerations like nozzle clogging may need to be 
considered to limit small nozzle sizes. In one embodiment the 
minimum hole size was limited to 0.014.8 radius based on a 
filter screen opening of 0.022 inches. Table 2 lists the result 
ant exemplary set of 14 nozzles calculated as described above 
that may be used to generate concentric watering rings that 
cover a radial distance of 38 feet from the rotary nozzle 100. 

TABLE 2 

Ring Range in Feet Nozzle Radius 

38-31.36 O.O730 
31.36-25.88 O.O6O2 
25.88-21.35 O.O497 
21.35-17.62 O.0410 

17.6238-14.54 O.0339 
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TABLE 2-continued 

Ring Range in Feet Nozzle Radius 

1454-12.OO O.O279 
12.00-990 O.O230 
9.90-8.17 O.O190 
8.17-6.74 O.O157 
6.74-5.39 O.O148 
5.93-4.04 O.O148 
4.04-270 O.O148 
2.70-13S O.O148 
1.35-0 O.O148O 

0071 Below is an exemplary method for setting the radius 
of each of the nozzles 104. In order to complete the process of 
noZZle design one must tie the overall nozzle radius (single 
nozzle) to the other factors of the nozzle design as a whole. To 
start with the overall nozzle radius must be selected for a 
desired coverage distance and expected waterpressure. In one 
embodiment an overall nozzle radius of 0.1314 inches 
sprayed 38-40 feet depending on the tube length, for a water 
pressure of 40 psi. If we pick 38 feet as a target distance then 
all of the nozzle coverages need to add up to 38 feet. In other 
words the sum of the c-mir need to equal 38, based on 
Equation 2. In addition the sum of the areas of all of the 
noZZles should approximately equal the overall nozzle area. 
These calculations are shown below. 

We already know the ratio between each adjacent radii can be 
computed using Equation 4, which is provided below. 

In one example, m was empirically found to provide good 
watering coverage with a value of 91 using no taper on the 
noZZles using 14 total nozzles. Using a starting value of 0.073 
for nozzle 1 a value for 'a' can be computed using Equation 
3. 

Given values fora and m the nozzle ratio can be computed as 
follows: 

We solve for r as follows: 
r= *0.825=0.073*0.825=0.060 (for nozzle 2) 

0072 Table 3 lists the resultant nozzles based on the 
method described above. As the holes get smaller a practical 
limit is reached and the ratio is limited to one. As you can see 
the smallest nozzle radius was limited to 0.01468 inches in 
radius in the table below. While this was a limitation for this 
design based on expected nozzle contamination other appli 
cations will require alternate considerations. Because the 
selection of a value for r is based on a desired overall nozzle 
radius, the number of nozzles and a limit to how small the 
holes can be, trial and error was needed to find an exact set of 
numbers. 
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TABLE 3 

Nozzle Range Nozzle Radius Nozzle Ratio Nozzle Coverage 
(feet) (inches) (r, r, 1) (feet) 

38-31.36 O.O73OO O.82S2 6.643 
31.36-25.88 O.O6024 O.82S2 S.482 
25.88-21.35 O.O4971 O.82S2 4.523 
2135-17.64 O.04102 O.82S2 3.733 
1764-14.54 O.O3385 O.82S2 3.08O 
1454-12.OO O.O2793 O.82S2 2.542 
12.OO-990 O.O230S O.82S2 2.097 
9.90-8.17 O.O1902 O.82S2 1.731 
8.17-6.74 O.O1569 O9441 1428 
6.74-5.39 O.O1482 1 1.348 
5.39-4.04 O.O1482 1 1.348 
4.04-270 O.O1482 1 1.348 
2.70-13S O.O1482 1 1.348 
1.35-O.OO O.O1482 1 1.348 

0073. In one embodiment, after the appropriate nozzles 
have been selected, trajectory angles for each nozzle can be 
computed based on expected water Velocity, nozzle height 
above the ground and the desired radial distance of the water 
ing area to be covered by the nozzle. In one embodiment, the 
trajectory angle 150 for each nozzle is determined by the 
orientation of the central axis 140 relative to a horizontal 
plane 148 extending perpendicularly to the vertical axis 126, 
about which the nozzle head 102 is configured to rotate. 
0074. In one embodiment, each of the nozzles of the rotary 
sprinkler 100 has a different trajectory angle, generally 
referred to as 150. In one embodiment, the trajectory angle 
150 of the nozzle 104 that is configured to have the farthest 
reaching outputStream 130 (e.g., noZZle 104A) has the largest 
trajectory angle 150. In one embodiment, this trajectory angle 
150 is approximately 30-45 degrees. In one embodiment, 
nozzles 104 responsible for directing water streams 130 to 
shorter radial distances from the rotary sprinkler 100 have 
lower trajectory angles 150 than nozzles 104 that are respon 
sible for generating water streams 130 that travel larger radial 
distances from the sprinkler 100. Accordingly, in one 
embodiment, nozzle 104A has a trajectory angle 150A, 
nozzle 104B has a trajectory angle 150B and nozzle 104C has 
a trajectory angle 150C, as shown in FIG. 1. 
(0075. The length of each of the nozzles 104 determines the 
stream 130 that is discharged by the nozzle. If the nozzle 104 
is too short, the stream breaks up upon exit of the nozzle 104 
thereby limiting the distance the stream can travel. If the 
nozzle 104 is too long, the pressure drop across the nozzle 104 
slows the velocity of the water flow through the nozzle, which 
can also prevent the stream 130 from reaching a desired radial 
distance from the rotary sprinkler 100. In one embodiment, 
the nozzles 104 are each configured to have water flows 
through the nozzles 104 that travel at approximately the same 
velocity for a given pressure, but to different radial distances 
from the nozzle head 102. This allows the sprinkler 100 to 
provide a Substantially even watering pattern over the entire 
radial distance covered by the water streams 130. In some 
embodiments, the nozzles 104 are each configured such that 
the variance in the velocity of the water through the nozzles 
104 is less than 2% over a pressure range of approximately 
23-60 psi. However, it is understood that the velocity of the 
water through some of the nozzles 104 configured to dis 
charge water streams 130 the shortest distances 134 from the 
sprinkler 100 may have a greater variance from the longer 
range nozzles 104, in some embodiments. 
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0076. In one embodiment, the length of each nozzle 104, 
generally referred to as 154, corresponds to the length of the 
central axis 140 measured from the inlet 120 to the outlet 124, 
as shown in FIG.1. In one embodiment, the lengths 154 of the 
noZZles 104 are approximated using Darcy's formula pro 
vided below, where Ap is the pressure drop across the nozzle 
104 due to friction in the fluid pathway 122, p is the density of 
water, f is a friction coefficient, L is the pipe length 154, V is 
the water flow rate, D is the internal pipe diameter, and Q is 
the volumetric flow rate of the water. 

0077. For desired pressure drop across the nozzle 104 
based on the static versus dynamic pressure of the system, a 
length of the fluid pathway 122 for a particular nozzle 104 is 
computed for a specific output Velocity (e.g., approximately 
39 feet per second). In this situation the largest nozzle is the 
longest and the most likely to produce an irregular flow if it is 
too short. The length 154 of the fluid pathway 122 of the 
nozzle needs 104 to be long enough so that the flow reaches a 
turbulent state. If the length 154 is less than this critical 
length, the flow through the nozzle 104 will be irregular. 
Lengths 154 that are greater than this critical length, reduces 
the velocity of the water that is ejected from the nozzle 104. 
For instance, a nozzle radius of 0.077 inches requires a length 
154 of approximately 2.26 inches in order to workina system 
providing 40 psi of dynamic pressure. Shorter lengths 154 
will not produce the desired 40 foot radial distance due to 
irregular flow in the nozzle 104, and longer lengths 154 will 
reduce the radial distance the stream 130 can travel due to 
velocity reduction in the fluid pathway 122. Longer lengths 
154 also reduce the size of the watering area 132. Once the 
exit velocity for the largest nozzle 104 has been computed, the 
lengths 154 of the remaining nozzles 104 can be computed 
given the same pressure drop (e.g., 12.5 psi) and Velocity. In 
this way, all nozzle streams 130 exit at a similar velocity and 
the trajectory angle 150 can be used to determine the radial 
distance the stream 130 travels from the rotary sprinkler 100. 
0078. Due to the turbulent flow in the fluid pathway 122, 
each of the streams 130 break up into droplets as the stream 
travels from the outlet 124 to the targeted watering area 132. 
This creates a spray pattern on the ground that forms the 
watering area 132. The watering pattern 132 varies in propor 
tion to the water flow that travels through the nozzle 104. This 
allows for the formation of shorter and longer sets of concen 
tric watering rings. 
0079. In one embodiment, the stream 130 discharged from 
the nozzle 104 responsible for the watering area 132 located 
closest to the sprinkler 100 is diffused by a modification to the 
outlet 124, which may include a curved member in the fluid 
flow path leading up to the outlet 124 resulting in a taller 
outlet and a reduction in the outlet width resulting in watering 
area 132 having a longer and more narrow spray pattern 
compared to the nozzles 104 that lack the modification. Alter 
natively, a nozzle 104 may be configured to generate a spray 
pattern to cover the ground adjacent the sprinkler 100. 
0080. In one embodiment, the rotary sprinkler 100 
includes a valve 160 that controls the flow of water through 
the fluid flow paths 114 and 116 of the sprinkler 100, as shown 
in FIG. 1. In one embodiment, the valve 160 has a closed 
position, in which water is prevented from flowing along the 
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fluid flow paths, and an opened position, in which water is free 
to travel along the fluid flow paths. In one embodiment, the 
valve 160 also includes intermediary positions that allow the 
flow rate of the water through the fluid flow path to be set to 
a value that is less than the maximum flow rate achieved when 
the valve 160 is in the fully opened position. As a result, the 
valve 160 may be used to adjust the flow rate of the water 
through the fluid flow path 112 to be set to the desired level. 
This allows for greater control over the streams 130 produced 
by the nozzles 104 and their watering areas 132. 
I0081. In one embodiment, the position of the valve 160 is 
controlled by a motor 162. The motor 162 may be a stepper 
motor, a servo motor, or other suitable motor or device that 
may be used to adjust the position of the valve 160. 
I0082 In one embodiment, the rotary sprinkler 100 
includes a plurality of valves 160, as schematically illustrated 
in FIG. 3. In one embodiment, the plurality of valves 160 are 
components of a multiplexor valve, rather than separate 
valves. Also, the valves 160 may also be located in the base 
106 rather than the nozzle head 102. Each of the valves 160 
may be actuated between opened and closed positions using 
one or more motors, which are not shown in order to simplify 
the illustration, responsive to control signals as discussed 
above. In one embodiment, each of the valves 160 in the 
sprinkler 100, control a flow of water to one or more of the 
nozzles 104 of the nozzle head 102. For example, valve 160A 
can be used to control the flow of water through a fluid flow 
path 170A connecting the water inlet 108 to the inlet 120 of 
the nozzle 104A, valve 160B can be used to control the flow 
of water through the fluid flow path 170B connecting the 
water inlet 108 to the inlet 120 of the nozzle 104B, and valve 
160C can be used to control the flow of water through the fluid 
flow path 170C connecting the water inlet 108 to the inlet 120 
of the nozzle 104C. 

0083. The flow of water to each of the nozzles 104 of the 
sprinkler 100 may be controlled independently of the flow of 
water to the other nozzles in the rotary sprinkler 100 through 
the actuation of the valves 160. As a result, individual nozzles 
may be turned on or off, or the flow rates through the nozzles 
104 may be adjusted to a desired level to produce the desired 
watering areas 132. For instance, while the rotary sprinkler 
100 may have the capability of watering out to a 40 foot radial 
distance from the sprinkler 100, it may be desirable to only 
water 25 feet from the sprinkler 100. In that case, the one or 
more nozzles 104 responsible for covering the radial distance 
from 25 to 40 feet from the sprinkler 100 may be turned off by 
setting the corresponding valves 160 to the closed position. 
The flow of water to the remaining nozzles 104 may be 
reduced, if necessary, by setting the corresponding valves 160 
accordingly. 
I0084. In accordance with another embodiment, the rotary 
sprinkler 100 includes a sensor 172 that measures a parameter 
of the water in the fluid flow pathway 114 or 116. In one 
embodiment, the sensor comprises a pressure sensor that 
measures a pressure of the fluid in the fluid flow pathway 114 
(shown) or 116. In accordance with another embodiment, the 
sensor 172 is a flow sensor that measures a flow rate of the 
water traveling through the fluid flow path 114 (shown) or 
116. In one embodiment, the sensor 172 produces an output 
signal 174 that is representative of the parameter measured by 
the sensor 172. 

I0085. In one embodiment, the sprinkler 100 includes a 
controller 164. In one embodiment, the controller 164 repre 
sents one or more processors and circuitry used to perform 
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functions described herein. In one embodiment, the processor 
of the controller 164 is configured to execute sprinkler or 
watering program instructions stored in memory 166 (e.g., 
RAM, ROM, flash memory, or other tangible data storage 
medium) and perform method steps described herein respon 
sive to the execution of the program instructions. Embodi 
ments of the program instructions include the date and time to 
commence a watering operation, the duration of a watering 
operation, valve settings, and other information. 
I0086. In one embodiment, the program instructions com 
prise valve settings and the controller 164 controls the one or 
more valves 160 in response to the valve settings. In one 
embodiment, the valve settings for each of the one or more 
valves 160 map a desired water flow rate through the valve 
160 to a specific valve position. In one embodiment, this flow 
rate mapping is provided for a series of pressures. For 
example, when the inlet pressure is 40 psi and the desired 
input flow rate is 9 feet per second, the mapping will identify 
a valve position, which is included in the program instructions 
stored in the memory 166. The valve settings may be dynami 
cally set by the controller 164 based on the output signal 174 
(flow rate or pressure) and a predefined desired water flow 
rate through the valve 160. Accordingly, the controller 164 
may adjust the flow of the water through the sprinkler 100 
responsive to the execution of program instructions stored in 
the memory 166. 
0087. In one embodiment, the sprinkler program instruc 
tions include valve setting instructions that are dependent 
upon the angular position of the nozzles 104 about the axis 
126 relative to a reference. This allows for the generation of 
non-circular watering patterns by modifying the distance the 
discharged streams 130 travel from the sprinkler 100. As a 
result, the sprinkler 100 can produce watering patterns that 
avoid targets that are within the range of the sprinkler 100 that 
should not be watered. 
0088. In one embodiment, the sprinkler program instruc 
tions include rotation speed settings that set the rotational 
speed of the nozzle head 102. Execution of the program 
instructions by the controller 164 generate control signals to 
the motor 129 based on the rotation speed settings that are 
used to control the motor 129. In one embodiment, the rota 
tion speed settings define a constant rotational velocity for the 
nozzle head 102. In accordance with another embodiment, 
the rotation speed settings are dependent upon the angular 
position of the nozzle head 102 about the axis 126 relative to 
a reference. Thus, in one embodiment, the executed program 
instructions generate control signals to the motor 129 that 
cause the rotational speed of the nozzle head 102 to vary 
depending on its angular position. This allows for control of 
the amount of water that is delivered to certain angular sec 
tions of the watering pattern generated by the sprinkler. For 
instance, while the nozzles deliver a continuous amount of 
water to their respective watering areas 132, the nozzle head 
102 may be rotated slower to deliver more water to an angular 
section of the watering pattern, or faster to deliver less water 
to an angular section of the watering pattern. This angular 
speed control of the nozzle head 102 may also be combined 
with the control of the positions of the one or more valves in 
each sprinkler 100 to control the amount of water that is 
delivered by the sprinkler 100. 
0089. In one embodiment, the method steps comprise 
driving the rotation of the nozzle head 102 through the control 
of the motor 129 responsive to program instructions stored in 
the memory 166. 
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0090. In one embodiment, the method steps comprise 
receiving the output signal 174 from the sensor. In one 
embodiment, the method steps comprise processing the out 
put signal 174 from the sensor to produce a value indicative of 
the measured parameter. In one embodiment, the method 
steps comprise communicating the output signal 174 or the 
corresponding value to a remote system, Such as a system 
controller. 
0091. In one embodiment, the controller 164 is configured 
to receive control signals from a system controller located 
remotely from the sprinkler 100, and process the control 
signals to perform method steps described herein, such as 
setting the positions of the one or more valves 160, rotating 
the nozzle head 102, communicating information, acknowl 
edging communications, and other method steps. In one 
embodiment, the controller 164 relays the output signal 174 
or a value represented by the output signal 174 to the system 
controller using either a wired or wireless communication 
link. 
0092. In one embodiment, the sprinkler 100 includes a 
power Supply 175. Such as a battery, a capacitor, a solar cellor 
other source of electrical energy, that provides power to the 
processor of the controller 164, the motor 129, the motor 162, 
the sensor 172 and/or other component of the sprinkler 100 
requiring electrical energy. In one embodiment, the power 
supply 175 is a rechargeable power supply, which may be 
recharged by signals received over a control line 177 or other 
wired connection, Such as from the system controller 
described below. 

0093. In accordance with another embodiment, the rotary 
sprinkler 100 includes a pressure regulator 176 that is con 
figured to regulate a pressure of the water in the fluid flow 
paths 114 and/or 116. In one embodiment, the pressure regu 
lator 176 is configured to maintain a pressure of the water in 
at least the fluid flow path 116 below a maximum pressure, 
Such as 40 psi. 
0094. A specific example of an in-ground version of the 
rotary sprinkler 100 will be described with reference to FIGS. 
4-9. FIGS. 4 and 5 are perspective views of the rotary sprin 
kler 100 depicting the nozzle head 102 in lowered and raised 
positions, respectively. In one embodiment, the base 106 
comprises a lower container 180 and a pedestal 182 that 
extends above the container 180. The nozzle head 102 is 
received within the pedestal 182 when in the lowered position 
(FIG. 4) and extends to the raised position (FIG. 5) in 
response to water pressure applied to the inlet 118 of the 
nozzle head 102. 
0.095 FIG. 6 is an exploded perspective view of the com 
ponents contained within the container 180 of the base 106. 
FIG. 7 is an exploded perspective view of the components 
contained or supported by the pedestal 182. The fluid flow 
path 114 extends through a pipe fitting 184 that may be 
coupled to a water supply line 110 (FIG. 1) and defines the 
water inlet 108. The fluid flow path 114 also extends through 
a tubing section 186 having a proximal end 188 that attaches 
to the pipe fitting 184 and a distal end 190 that extends 
through a cover 192. 
0096. In one embodiment, the tubing section 186 includes 
a valve 160 that is adapted to control the flow of water through 
the tubing section 186. In one embodiment, a motor 162 
drives the valve 160 between the closed, intermediary and 
fully opened positions through gears 194 and 196. 
0097. In one embodiment, the nozzle head 102 is received 
within a rotatable support 200, which in turn is received 
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within the pedestal 182. The nozzle head 102 is allowed to 
telescope out of the rotatable support 200 from the lowered 
position (FIG. 4) to the raised position (FIG.5) in response to 
the application of water pressure at the inlet 118 of the nozzle 
head 102. In one embodiment, the nozzle head 102 includes 
protrusions 202 that extend from the exterior surface 204 and 
are generally aligned with the vertical axis 126. The protru 
sions 202 are received within vertical slots 206 formed in the 
interior wall of the rotatable support 200. The engagement of 
the protrusions 202 of the nozzle head 102 with the slots 206 
of the rotatable support 200 causes the nozzle head 102 to 
rotate along with rotation of the rotatable support 200 about 
the vertical axis 126. 
0098. In one embodiment, the sprinkler 100 comprises a 
drive mechanism 128 that is contained within the container 
180. In one embodiment, the drive mechanism 128 comprises 
a motor 129 that drives rotation of a gear 210 that is supported 
by the cover 192. A bottom end 212 of the rotatable support 
200 receives a cylindrical protrusion 214 and includes a gear 
216. The motor 129 of the drive mechanism 128 rotates the 
rotatable support 200 about the axis 126 using the gears 210 
and 216, which in turn drives the rotation of the nozzle head 
102 relative to the pedestal 182 and the container 180 of the 
base 106. 
0099. A spring 218 has a proximal end 220 that is attached 
to a hook 222 on the cover 192 and a distal end 224 that is 
attached to a structure supported within the nozzle head 102. 
The spring 218 maintains the nozzle head 102 in the lowered 
position when there is insufficient water pressure at the inlet 
118, and allows the nozzle head 102 to extend to the raised 
position under sufficient water pressure at the inlet 118. 
0100. In one embodiment, a filter screen 226, shown in 
FIG. 7, is located within the flow path 116 of the nozzle head 
102. Alternatively, the filter screen may be located in the flow 
path 114 of the base 106. 
0101. In one embodiment, the rotary sprinkler 100 
includes a controller 164 that is contained within the con 
tainer 180. In one embodiment, the controller 164 operates to 
control the motor 162 and the positions of the valve 160. In 
one embodiment, the sprinkler 100 includes a sensor that 
detects the positions of the valve 160. One exemplary sensor 
that can be used to carry out this function is a Hall effect 
sensor that detects a magnetic field of a magnet that is 
attached to the gear 196, for example. 
0102. In one embodiment, the controller 164 controls the 
motor 129 of the drive mechanism 128 and the rotation of the 
nozzle head 102. In one embodiment, the sprinkler 100 
includes a sensor that detects the angular position of the 
nozzle head relative to the base 106. One exemplary sensor 
capable of performing this function is a Hall effect sensor that 
can detect the magnetic field of a magnet that is attached to the 
rotatable support 200, the nozzle head 102, or the gear 216 to 
detect the angular position of the nozzle head 102 relative to 
the base 106, for example. 
0103) In one embodiment, the controller 164 is configured 
to receive and process control signals from a system control 
ler located remotely from the sprinkler 100. The control sig 
nals received from the system controller may be provided 
either through a wired connection or wirelessly in accordance 
with conventional techniques. The controller 164 may per 
form method steps responsive to the control signals, as dis 
cussed above. 

0104. In one embodiment, the container 180 includes a 
sealed compartment, in which the electronics of the sprinkler 
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100 are housed. In one embodiment, the pedestal 182 
includes a threaded base 230 which may be screwed on to a 
threaded opening 232 of the container 180. A seal 234 is 
positioned between the threaded base 230 and the container 
180 to prevent water from entering the compartment contain 
ing the electronics. 
0105. The plurality of nozzles 104 are supported by the 
nozzle head 102. In one embodiment, the nozzles 104 are 
formed in a nozzle assembly 240. The nozzle assembly 240 is 
secured to the nozzle head 102 such that the nozzle assembly 
240 rotates with rotation of the nozzle head 102. FIG. 8 is an 
exploded perspective view of the nozzle assembly 240 in 
accordance with embodiments of the invention. The nozzle 
assembly 240 may comprise two or more components 
depending on the number of nozzles 104. Thus, while the 
illustrated embodiment of the nozzle assembly 240 includes 
three components that align to form twelve nozzles 104, the 
nozzle assembly 240 may include two halves that form two or 
more nozzles 104. In one embodiment, the components form 
ing the nozzle assembly 240 are secured together using nuts 
242 and bolts 244. Alternatively, the components forming the 
nozzle assembly 240 may be connected using an adhesive, by 
welding the components together, or other Suitable technique. 
Further, the nozzle assembly 240 may also be molded as a 
single unitary component. 
0106. In one embodiment, the nozzle assemble 240 com 
prises end components 246 and 248 and a central component 
250. Each end component 246 and 248 includes one half of 
the fluid pathways 122 of each of the nozzles 104. The other 
half of the fluid pathways 122 of the nozzles 104 are formed 
by the central component 250. When the components 246, 
248 and 250 are assembled, each half of the fluid pathway 122 
of each nozzle 104 is aligned with its corresponding half fluid 
pathway 122 to form the full nozzle 104. 
0107 FIG.9 is a side view of the central component 250 of 
the nozzle assembly 240 and, therefore, a cross-sectional 
view of one set of the nozzles 104. As shown in FIG. 9, the 
inlets 120 of each of the nozzles 104 open to a cavity 252 at 
the base 254 of the nozzle assembly 240. Water received at the 
inlet 118 of the nozzle head 102 travels through the nozzle 
head 102 to the cavity 252 where it is provided to inlets 120 of 
the nozzles 104. 
0108. In one embodiment, one or more of the nozzles 104 
includes a curved section 260 and a straight section 262. In 
one embodiment, the curved section 260 extends from the 
inlet 120 to a location 264 between the inlet 120 and the outlet 
124. The straight section 262 extends from the location 264 to 
the outlet 124. 
0109 FIG. 10 is a simplified diagram of a sprinkler system 
270 in accordance with embodiments of the invention. The 
sprinkler system 270 generally includes a plurality of the 
rotary sprinklers 100 formed in accordance with embodi 
ments of the invention. Each of the sprinklers 100 are coupled 
to a pressurized water Supply 272. Such as a household water 
Supply, a pumped water Supply, or other convention water 
Supply. In one embodiment, the system comprises a system 
controller 274 comprising at least one processor 276 and 
memory 278 (e.g., RAM, ROM, flash memory, or other tan 
gible data storage medium). In one embodiment, the memory 
278 contains program instructions that are executable by the 
processor to perform method steps described herein. 
0110. In one embodiment, the system controller 274 com 
municates with each of the sprinklers 100 over one or more 
wired or wireless communication links represented by lines 
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280 formed in accordance with standard communication pro 
tocols. In one embodiment, the control signals provided over 
the communication links 280 are generated responsive to the 
execution of the program instructions in the memory 278 by 
the processor 276. In one embodiment, the control signals are 
communicated over the communication links 280 to control 
lers 164 of the rotary sprinklers 100. The controllers 164 are 
configured to operate the sprinklers 100 (e.g., set valve posi 
tions, rotate the nozzle head, etc.), communicate information 
(e.g., sensor information) back to the system controller 274, 
or perform other function responsive to the control signals. 
Alternatively, when the rotary sprinklers 100 do not include a 
controller 164, the control signals may be communicated over 
the communication links 280 directly to the relevant compo 
nents of the sprinklers 100, such as the motor 162 or the motor 
129, for example. Also, the outputs 174 from the sensors 172 
of the rotary sprinklers 100 may also be communicated over 
the communication links 280 to the system controller 274. 
0111. In one embodiment, the control signals comprise 
valve settings for setting the positions of the one or more 
valves 160 in each of the controllers 100. When the sprinklers 
100 include the one or more valves 160, it is not necessary to 
include separate valves 282 for each of the water lines 110 
feeding different groups of the rotary sprinklers 100. Rather, 
the system controller 274 may individually activate any one 
of the rotary sprinklers 100 through the control signals. Thus, 
the system controller 274 is capable of activating and deacti 
vating individual rotary sprinklers 100 based on the execution 
of the watering program instructions stored in memory 278. 
0112. In one embodiment, the system 270 includes one or 
more valves 282 that operate to control the flow of water 
along one or more of the water lines 110. In accordance with 
this embodiment, the system controller 274 is configured to 
control the positioning of the valves 282 using an appropriate 
control signal over a communication link 284 in accordance 
with conventional techniques. In accordance with this 
embodiment, it may not be necessary for each of the rotary 
sprinklers 100 to include their own internal valves 160. How 
ever, the inclusion of the valves 160 in the rotary sprinklers 
100 allow the system controller 274 to activate individual 
sprinklers 100 within each group of sprinklers 100 fed by the 
corresponding valve 282. 
0113. In one embodiment, the memory 278 comprises a 
series of valve settings for each of the valves 160 of the 
sprinklers 100 that map a desired water flow rate through the 
valve 160 to a valve position, as described above. The valve 
settings may be dynamically set by the controller 274 based 
on the output signal 174 (flow rate or pressure) from the 
sensor 172 (or a sensor in the water line 110) and a predefined 
desired water flow rate through the valve 160. Alternatively, 
when the pressure in the system is regulated. Such as by 
pressure regulator 176, the valve settings may be fixed in the 
watering program Stored in the memory 278. 
0114 FIG. 11 is a simplified diagram of a watering system 
300 in accordance with systems of the prior art. As with 
system 270, the watering system 300 includes a water supply 
272 that is fluidically coupled to multiple sprinklers 302 
through a water line 110. The sprinklers 302 are typically 
passive sprinklers, groups of which are activated in response 
to the opening of a valve 304 in the water line corresponding 
to the group. 
0115 The system 300 also includes an irrigation control 
ler 306. Embodiments of the controller 306 include memory 
307 (e.g., ROM, RAM, flash, or other tangible data storage 
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medium) and at least one processor 308. The memory 307 
contains Zone program instructions that are executable by the 
processor 308 to control the valves 304 and perform a desired 
watering operation. For example, the irrigation controller 306 
generates Zone valve signals 310 based on the Zone program 
instructions that open one of the valves 304 of the system 300 
responsive to the program instructions using the signals 310. 
The opened valve 304 feeds water to the corresponding group 
of sprinklers 302 and a watering operation by the group of 
sprinklers 302 commences. After a predetermined period of 
time, the controller 306 closes the valve 304 and opens 
another valve 304 using the signals 310 to feed water to 
another group of the sprinklers 302 and commence another 
watering operation. This is repeated until all the groups of 
sprinklers 302 perform their watering operation in accor 
dance with the program instructions. 
0116. One embodiment of the invention relates to updat 
ing prior art sprinkler systems, such as system 300, to include 
the rotary sprinklers 100 formed in accordance with one or 
more embodiments described herein. FIG. 12 is a simplified 
diagram illustrating Such an update to the system 300 
depicted in FIG. 11. In one embodiment, the sprinklers 302 
are replaced with sprinklers 100 formed in accordance with 
embodiments of the invention. Depending on the needs of the 
system, it may not be necessary to replace each of the sprin 
klers 302 with one of the sprinklers 100. Rather, it may be 
possible to use fewer of the sprinklers 100 than were previ 
ously required to perform the desired watering operations. 
0117 The system controller 274 is also added. If neces 
sary, wired communication links 280 between the system 
controller 274 and the rotary sprinklers 100 are installed. 
Wireless communication links may also be used. 
0118. In one embodiment, the system controller 274 is 
configured to detect the activation of the valves 304 and 
activate the corresponding sprinklers 100 that are fed by the 
open valve 304. This detection may occur by intercepting or 
receiving the signal 310 transmitted by the irrigation control 
ler 306 to the valve 304. Alternatively, the system controller 
274 may detect the rise in pressure in the water line 110 using 
the sensor 172 within one or more of the sprinklers 100, or a 
pressure sensor that is installed in the line 110. Upon detec 
tion of the opening of the valve 304, the system controller 274 
activates the corresponding sprinklers 100 and the watering 
operation commences. This is repeated for each of the groups 
of sprinklers 100 in the system. 
0119. In one embodiment, each of the sprinklers 100 
include at least one valve 160 to control the flow of water 
through the sprinkler 100. As a result, the valves 304 are no 
longer needed in the system. Thus, in one embodiment, the 
valves 304 are removed from the system or left in their opened 
position. The signal 310 is then directed to the controller 274, 
and the controller 274 controls the valves 160 in the sprinklers 
100 to perform the desired watering operation. 
0.120. The system controller 274 can also detect when the 
irrigation controller 306 closes one of the valves 304 using the 
same techniques described above. When the closing of the 
valve 304 is detected, the system controller 274 deactivates 
the one or more sprinklers 100 being fed water by the valve 
304. 

I0121. In accordance with a more specific embodiment, the 
system controller 274 provides power and control signals to 
the one or more sprinklers 100 through one or more wired 
connections 280 to the sprinklers 100. The power may be used 
to charge a capacitor or other power supply 175. Upon initial 
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detection of the opening of one of the valves 304, the system 
controller 274 turns on the power to the corresponding one or 
more sprinklers 100 being fed water by the opened valve 304. 
In one embodiment, the sprinklers 100 are initially turned on 
for a set period of time to charge up the power supply 175. The 
system controller 274 then sends a command to the one or 
more sprinklers 100, which is acknowledged by the control 
lers 164 of the sprinklers 100. After the acknowledgement is 
received by the system controller 274, the system controller 
274 sends watering instructions to each of the one or more 
sprinklers 100 in the group. The one or more sprinklers 100 in 
the group acknowledge receipt of the watering instructions. 
The system controller 274 then activates the group of sprin 
klers 100 and each of the sprinklers 100 in the group begins to 
execute their watering instructions. When the irrigation con 
troller 306 closes the valve 304, the system controller 274 
sends a command to the one or more sprinklers 100 in the 
group to stop the watering operation and the controllers 164 
of the sprinklers 100 acknowledge receipt of the instruction. 
The system controller 274 then provides sufficient power for 
each of the sprinklers 100 in the group to close their one or 
more valves 160 before deactivating the sprinklers 100 in the 
group. This process is then continued for each group of one or 
more sprinklers 100 associated with each of the valves 304. 
0122) Some embodiments are directed to manufacturing a 
rotary sprinkler formed in accordance with one or more 
embodiments described herein. In one embodiment, this 
involves designing the nozzles 104 using Equations 1-5 
described above to optimize the design for best watering 
uniformity. These equations provided the mathematical cor 
relation between the ring spacing determined by the variable 
m and the ring-to-ring ratio determined by variable a. As 
mentioned above, it has been empirically found that an m=91 
provide good watering uniformity for one embodiment. The 
stream distance for each nozzle is set by the nozzle trajectory 
based on each nozzle having the same trajectory Velocity. 
Another step in achieving uniformity is having the same 
velocity and flow characteristic in multiple nozzles over a 
range of pressures, such as up to 40 psi for a 40 foot throw 
distance in one embodiment. In some embodiments, this is 
achieved by making Sure that the tube portion of each nozzle 
is long enough to provide a turbulent flow inside of the nozzle 
tube up to 40 psi and setting the length of each nozzle to 
achieve the same velocity. If the nozzle length is too short, 
cavitation appears at high pressure and disrupts the unifor 
mity of the stream as mentioned above. 
0123. In some embodiments, the method for designing or 
manufacturing a nozzlehead 102 of the type embodied herein 
comprises one or more of the following method steps 
described below. In some embodiments, a maximum water 
throw distance is determined for the sprinkler based on the 
maximum available water pressure, and the water Velocity 
needed to achieve the maximum throw distance based on a 
given trajectory angle. Such as 30 degrees. In some embodi 
ments, the overall nozzle diameter needed to achieve the 
maximum throw distance given the water Velocity and trajec 
tory angle is determined. This diametersets the overall area of 
all of the nozzles combined. In some embodiments, the water 
discharge Velocity is computed based on the change in diam 
eter and velocity from inside the water supply to that inside of 
the nozzle. In some embodiments, Equations 1-5 are used to 
map out a set of 8 or more nozzles that achieve the goal of 
uniform water distribution across the entire watering field. 
The size of inner ring nozzles may be limited due clogging. 
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Inner ring nozzles may also be made to stream less in order to 
spread the water more evenly at short radial distances from 
the nozzle head 102. 
0.124. In some embodiments, Darcy's formula is used 
compute the length of the largest diameter nozzle using the 
pressure difference needed to achieve the maximum velocity 
at the maximum psi, for example 40 psi of dynamic pressure 
and 39 fps and 12.5 psi of pressure difference or drop in one 
embodiment. Using the same pressure difference, the lengths 
of the remaining nozzles are computed to achieve the same 
water discharge velocity for all of the nozzles. 
0.125. In some embodiments, the trajectory angle of each 
nozzle is computed using Equations 1-5 based on the radial 
distance that the discharged water stream is to travel and the 
height of the nozzle above the ground. 
0.126 When combined with a digitally controlled valve 
and digitally controlled rotor within which the nozzle is 
mounted, the water flow through the nozzle head can be 
adjusted and the speed of rotation adjusted together to water 
a complex landscape shape achieving a uniform water distri 
bution much like rainfall. 
I0127. Although the present invention has been described 
with reference to preferred embodiments, workers skilled in 
the art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. For example, the location of the nozzles 104 may 
be changed from that depicted herein. That is, while the 
depicted embodiments generally illustrate the nozzles 104 
being vertically aligned, the nozzles 104 may be angularly 
displaced from each other about the vertical axis of the nozzle 
head. Other configurations are also possible. 
What is claimed is: 
1. A rotary sprinkler comprising: 
a nozzle head; and 
at least 8 nozzles supported by the nozzle head; 
wherein: 

the nozzles are configured to discharge water streams at 
substantially the same velocity, but to different radial 
distances from the nozzle head; and 

each water stream produces a spray pattern that overlaps 
at least one adjoining spray pattern. 

2. The rotary sprinkler of claim 1, wherein: 
each of the nozzles comprises a nozzle fluid pathway 

including a central axis, an inlet, an outlet, a length 
measured from the inlet to the outlet along the central 
axis, and an interior diameter at the outlet; and 

the central axes of the nozzles are oriented at different 
angles relative to a horizontal plane. 

3. The rotary sprinkler of claim 2, wherein the interior 
diameters of the nozzles are each different. 

4. The rotary sprinkler of claim 3, wherein the lengths of 
each of the nozzles are different. 

5. The rotary sprinkler of claim 4, further comprising: 
a controller; and 
a plurality of valves each configured to control a flow of 

water through one of the nozzles responsive to a signal 
from the controller. 

6. The rotary sprinkler of claim 4, further comprising: 
a valve configured to control a flow of water through the 

fluid flow path; 
a memory; 
a flow rate mapping of water flow rates to valve positions 

for given pressures in the fluid flow path stored in the 
memory; and 
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a controller comprising a processor configured to adjust the 
valve position based on the flow rate mapping. 

7. The rotary sprinkler of claim 6, wherein: 
the sprinkler comprises a sensor that generates a signal 

indicative of a pressure in the fluid flow path, or a flow 
rate of a water flow through the fluid flow path; and 

the controller is configured to adjust the valve position 
based on the signal from the sensor and the flow rate 
mapping. 

8. The rotary sprinkler of claim 1, wherein the spray pat 
terns provide Substantially uniform watering per unit length 
in radial distance from the head. 

9. A rotary sprinkler comprising: 
a first nozzle comprising a first nozzle fluid pathway 

including a central axis, an inlet, an outlet, a first length 
measured from the inlet to the outlet along the central 
axis, and a first interior diameter at the outlet; 

a second nozzle comprising a second noZZle fluid pathway 
including a central axis, an inlet, an outlet, a second 
length measured from the inlet to the outlet along the 
central axis, and a second interior diameter at the outlet; 
and 

a third nozzle comprising a third nozzle fluid pathway 
including a central axis, an inlet, an outlet, a third length 
measured from the inlet to the outlet along the central 
axis, and a third interior diameter at the outlet; 

wherein: 
the first nozzle is configured to discharge a first water 

stream a first distance; 
the second nozzle is configured to discharge a second 

water stream a second distance, which is less than the 
first distance; 

the third nozzle is configured to discharge a third water 
stream a third distance, which is less than the second 
distance; and 

the velocities of the first, second and third water streams 
are approximately the same. 

10. The rotary sprinkler of claim 9, wherein: 
the central axis at the outlet of the first nozzle fluid pathway 

is oriented at a first angle relative to a horizontal plane, 
which is perpendicular to the vertical axis; 

the central axis at the outlet of the second nozzle fluid 
pathway is oriented at a second angle relative to the 
horizontal plane; 

the central axis at the outlet of the third nozzle fluid path 
way is oriented at a third angle relative to the horizontal 
plane; 

the first angle is greater than the second angle; and 
the second angle is greater than the third angle. 
11. The rotary sprinkler of claim 10, wherein: 
the first, second and third water streams respectively pro 

duce first, second and third spray patterns; 
the first spray pattern overlaps a distal portion of the second 

spray pattern; and 
the second spray pattern overlaps a distal portion the third 

spray pattern. 
12. The rotary sprinkler of claim 11, wherein the spray 

patterns provide Substantially uniform watering per unit 
length in radial distance from the head. 

13. The rotary sprinkler of claim 11, wherein: 
the first interior diameter is greater than the second interior 

diameter; 
the second interior diameter is greater than the third inte 

rior diameter; 
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the first length is greater than the second length; and 
the second length is greater than the third length. 
14. The rotary sprinkler of claim 13, wherein: 
the second length is approximately 65-85% of the first 

length; and 
the third length is 65-85% of the second length. 
15. The rotary sprinkler of claim 9, further comprising: 
a main water inlet configured to receive a flow of water 

from a water Supply line; and 
a fluid flow path connecting the main water inlet to the 

inlets of the first, second and third nozzles. 
16. The rotary sprinkler of claim 15, wherein the fluid flow 

path comprises: 
a first fluid flow path connecting the water inlet to the inlet 

of the first nozzle; 
a second fluid flow path connecting the water inlet to the 

inlet of the second nozzle; 
a third fluid flow path connecting the water inlet to the inlet 

of the third nozzle: 
a first valve configured to control a flow of water through 

the first fluid flow path responsive to signals received 
from a controller; 

a second valve configured to control a flow of water 
through the second fluid flow path responsive to signals 
received from a controller; and 

a third valve configured to control a flow of water through 
the third fluid flow path responsive to signals received 
from a controller. 

17. The rotary sprinkler of claim 15, further comprising: 
a valve configured to control a flow of water through the 

fluid flow path; 
a memory; 
a flow rate mapping of water flow rates to valve positions 

for given pressures in the fluid flow path stored in the 
memory; and 

a controller comprising a processor configured to adjust the 
valve position based on the flow rate mapping. 

18. The rotary sprinkler of claim 17, wherein: 
the sprinkler comprises a sensor that generates a signal 

indicative of a pressure in the fluid flow path, or a flow 
rate of a water flow through the fluid flow path; and 

the controller is configured to adjust the valve position 
based on the signal from the sensor and the flow rate 
mapping. 

19. A sprinkler system comprising: 
a plurality of rotary sprinklers, each comprising: 

a water Supply inlet; 
a nozzle head Supported by a base; 
at least 8 nozzles supported by the nozzle head, wherein 

the nozzles are configured to discharge water streams 
at substantially the same velocity, but to different 
radial distances from the nozzle head and each water 
stream produces a spray pattern that overlaps at least 
one adjoining spray pattern; 

a fluid flow path connecting the water Supply inlet to 
inlets of the nozzles; and 

at least one valve configured to control a flow of water 
through the fluid flow path; 

an irrigation controller comprising: 
memory containing Zone program instructions; and 
a processor configured to execute the Zone program 

instructions and generate Zone valve signals based on 
the Zone program instructions; 
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a system controller comprising: 
memory containing sprinkler program instructions; and 
a processor configured to execute the sprinkler program 

instructions and communicate control signals to the at 
least one valve of each of the rotary sprinklers based 
on the sprinkler program instructions and the Zone 
valve signals. 

20. The system according to claim 19, wherein: 
the system comprises a sensor configured to produce a 

sensor output indicative of a measured pressure or water 
flow rate; and 

the control signals are based on the sensor output. 
k k k k k 


